The foraging behavior of the western pygmy-possum (Cercartetus concinnus) was investigated at Innes National Park (INP), South Australia, in the context of understanding survival strategies in a variable environment. Individual C. concinnus were radiotracked continuously for periods of up to 9 days over a 1-year period. Movements, timing of activity, and use of food trees were recorded, as well as information on availability of floral resources. Nectar feeding was the most common feeding behavior when the nectar of Eucalyptus spp. was available. Eucalyptus rugosa was the preferred food source; other myrtaceous species were used when flowers of E. rugosa were unavailable and possums switched to sap and lerp when nectar was scarce. Movement patterns of C. concinnus varied seasonally and among individual animals. C. concinnus was capable of traveling long distances of up to 4.7 km in a single night in search of resources. Areas of use tended to be larger when E. rugosa was flowering (up to 300 ha), but possums also undertook long-distance travel to reach resources when nectar was rare. These long-distance movements suggest that the home ranges of C. concinnus can be several hundred hectares in size. C. concinnus at INP rely on long-distance movements, diet-switching, floristically and structurally diverse habitats, and torpor to cope with temporal and spatial fluctuations in resource availability.
Several physiological and behavioral strategies may be used by mammals to cope with seasonal or human-induced variations in resource availability. Mammals may use patches of different types of habitat to fulfill their energetic requirements, moving from resource-poor areas to other areas where more abundant resources are available. In areas where preferred resources are abundant, it may be more prudent for them to stay in one place. When their preferred resources become scarce, they may migrate or switch to alternative resources (Schradin and Pillay 2006) . When the cost of foraging exceeds the energetic advantages gained from feeding, and the above foraging strategies fail to fulfill the animals' energetic needs, physiological strategies such as torpor, huddling, and sheltering in insulated nests may enable them to conserve their energy until sufficient resources become available (Geiser 1987 (Geiser , 2004 Lee et al. 2009; Nametaka and Geiser 2009; Schradin and Pillay 2006; Wang and Lee 1996) . In extreme cases, animals may die of starvation (McCue 2010) .
The western pygmy-possum (Cercartetus concinnus [Marsupialia: Burramyidae]), is a small, nectarivorous marsupial that is distributed across much of southern Australia ). The species is relatively abundant , and it is one of the few native ground-dwelling mammals not to have become extinct on the Yorke Peninsula in South Australia (4-6 of 24 original species [G. Medlin, South Australian Museum, pers. comm.] ). Prior to European settlement, a diverse mammal assemblage was found at Innes National Park (INP), the largest protected area on the peninsula. However, conservation threats such as habitat destruction and predation by introduced mammals have led to the extinction of many small mammal species. For example, the remains of southern brown bandicoots (Isoodon obesulus obesulus), Mitchell's hopping mouse (Notomys mitchellii), and bush rats (Rattus fuscipes) are all found in the subfossil record at INP; however, no post-European specimen of these species has been recorded (Kemper et al. 2010; Brandle 2008; Robinson et al. 2000) . C. concinnus is frequently caught at INP Petit 2007a, 2007b) , and is known to occur as w w w . m a m m a l o g y . o r g 1525 far north as Minlaton, approximately 60 km to the north of the park (Waudby and Petit 2012) . In view of the threats to mammal conservation on the Yorke Peninsula, the persistence of C. concinnus in the area is intriguing.
Throughout most of its range, C. concinnus relies primarily on the nectar of Banksia (Cadzow and Carthew 2004; Smith 1983) , Eucalyptus, and Melaleuca spp. (Morrant et al. 2010; Pestell and Petit 2007a; Short et al. 2009 ). At INP, where proteaceous species are not found, C. concinnus feeds on the nectar and pollen of myrtaceous species (Eucalyptus and Melaleuca) and Acrotriche patula when flowers are available (Morrant et al. 2010; Pestell and Petit 2007a) . Kingscote mallee (Eucalyptus rugosa) was preferred when the species was flowering, even when the nectar of at least one other species (E. diversifolia) was plentiful (Morrant et al. 2010) . The nectars of the flowers on which C. concinnus feeds at INP tend to be relatively high in ''simple'' hexose sugars (Morrant et al. 2010; Petit et al. 2011) , which may be easily digested by a small animal (Martínez del Rio 1990; Martínez del Rio et al. 1992) . However, the flowers of these species are often not available for much of the year, and at these times capture rates of C. concinnus decrease significantly (Morrant et al. 2010; Pestell and Petit 2007b) . The strategies used by C. concinnus to survive in the absence of these nectar resources are of particular interest because the fate of the animals during this limiting season is uncertain.
The timing of food availability affects the foraging choices of animals and the size of home range that they require to meet their energetic requirements (e.g., Broome 2001; Craig 1985; Jackson 2000; Quin et al. 2004) . Animals may use a patchwork of habitats within and between landscape regions in order to make use of shifting resources, and there is not always a clear relationship between an animal's home-range size and its mass (Harestad and Bunnel 1979; Kelt and Van Vuren 2001; Law and Dickman 1998; Schoener 1971) . However, based on the estimated home-range size of other species such as the honey possum (Tarsipes rostratus) and the eastern pygmy-possum (Cercartetus nanus), which are similar in size, habitat, and dietary requirements, we could expect the range of C. concinnus to be ,1 ha (Bradshaw and Bradshaw 2002; Harris et al. 2007 ). Bradshaw and Bradshaw (2002) and Bladon et al. (2002) did note nightly long-distance movements in the honey possum (500 m) and eastern pygmy-possum (72-450 m), respectively, and a study investigating the use of oil mallee (Eucalyptus spp.) plantations by western pygmy-possums found that they moved up to 400 m from their nest site to reach food resources (Short et al. 2009 ). Variation in resource availability is likely to affect landscape use by western pygmypossums and they may need to move long distances to find food at times when resources are poor and patchily distributed, or when their habitat is disturbed by human activity.
In this study, we radiotracked individual western pygmypossums and examined their feeding strategies and patterns of habitat use in relation to resource availability. Our principal aims were to confirm the food resources of C. concinnus at INP, as identified by Pestell and Petit (2007a) and Morrant et al. (2010) , and to identify the strategies used by C. concinnus when these resources were unavailable. We posed additional questions designed to understand causality in travel and landscape use of C. concinnus. Is distance traveled by individual C. concinnus related to the individual's mass? Is distance traveled by individual C. concinnus related to the availability of preferred food resources? Is time spent foraging in a tree related to that tree's flower availability? C. concinnus should employ foraging strategies that maximize its energy intake per unit of time spent foraging (Charnov 1976; MacArthur and Pianka 1966; Schoener 1971) . Western pygmy-possums at INP are known to enter torpor (Morrant and Petit 2011) , which helps to conserve energy (Geiser 1987) , and we expected that in view of the variability of their nectar resources (Morrant et al. 2010) and their ability to use many nest types (Morrant and Petit 2011; Pestell and Petit 2007b) , western pygmy-possums also would employ strategies including food-switching and long-distance travel between flowering trees.
MATERIALS AND METHODS
Study area.-Innes National Park (35822 0 S, 1368 89 0 E) is located on the southern tip of the Yorke Peninsula, South Australia. The 9,232-ha park contains a range of habitat types including saline lakes, mallee woodland, and coastal heathland. Eucalyptus spp. dominate the woodlands, with an understory abundant in cockies tongue (Templetonia retusa), Acacia spp., and coastal velvet bush (Lasiopetalum discolor). The average summer temperature is 288C and in winter it is 138C (Department for Environment and Heritage 2003) . Total rainfall recorded over the 1-year study period, September 2006-September 2007, was 358.2 mm, which was lower than the yearly average of 450 mm (Fig. 1) . February was the warmest month with a mean maximum temperature of 26.28C (60.708C SE), and June was the coldest with a mean maximum temperature of 15.18C (6 0.208C).
Capture of C. concinnus.-Our trapping and handling protocols followed guidelines of the American Society of Mammalogists (Sikes et al. 2011) , and were approved by the Institute of Medical and Veterinary Science (105/06) and the Department for Environment and Heritage (S24841). C. concinnus was captured following the methods described by Morrant et al. (2010) and Morrant and Petit (2011) , and using the same 30-or 40-cm-deep pitfall traps installed in the study area, most of which were set up by Pestell and Petit (2007b) . Trapping occurred on the 1st night of each monthly research trip and continued on subsequent nights if no suitable animal was caught for radiotracking. At least 4 pitfall traplines were opened, but for months in which Pestell and Petit (2007b) had lower trapping success, up to 13 traplines were opened (11 lines of 12 traps and 2 lines of 6 traps). Animals were fed up to 2 ml of 328 Brix sugar solution upon capture, when they were not in torpor, and also after we processed them (weighing, sexing, and ear-notching for identification- Morrant et al. 2010) for ethical reasons, because trapping was likely to have limited the amount of food the animals could have ingested. We limited the amount of sugar water made available to 2 ml to minimize effects on their foraging behavior after release.
Radiotracking.-To determine movement patterns and resource use, we radiotracked western pygmy-possums continuously for up to 9 days per month from October 2006 to November 2007 (we were unable to capture any C. concinnus in September 2007 and did not trap in October 2007) by attaching a 0.35-g LB-2N transmitter (Holohil Systems Ltd., Carp, Ontario, Canada) between their shoulder blades. Bradshaw and Bradshaw (2002) found that all 3 honey possums (T. rostratus) they outfitted with transmitters exceeding 10% of the possums' mass died. To ensure that transmitters did not exceed 5% of an animal's total mass, no individual weighing ,7 g was tracked (White and Garrot 1990) . The transmitters were attached using Nexaband S/C topical tissue adhesive (Closure Medical Corporation, Raleigh, North Carolina), with the antenna running along the spine. From May, we shaved a small patch of hair on each animal using a Stylique Designer/Trimmer (Wahl Clipper Corporation, Sterling, Illinois) before gluing the transmitter to its back. We shortened the antenna on each transmitter by 50% because the full length (14 cm) would likely have impeded the animals' movements. Transmitters fell off within a few days as the glue degraded or they were removed by the animals (Morrant and Petit 2011) .
At least 1 C. concinnus was fitted with a transmitter each month, except in September and October 2007. Animals were released at the place of their capture no sooner than 1 h after sunset and tracking started immediately. The animals were tracked on foot with a BIOTEL RX3 handheld receiver (Bio Telemetry Tracking, St. Agnes, South Australia, Australia) and 3-element antenna (Transceiver Services Pty. Ltd., Para Hills West, South Australia, Australia). Waypoints were marked regularly, and also whenever an animal changed directions, using a global positioning system (Garmin GPS-60; Garmin International Inc., Olathe, Kansas). Preliminary trials showed that observation and tracking of foraging animals were difficult using night-vision goggles (NVA-D2MV-night vision goggle; Night Vision Australia, Melbourne, Victoria, Australia) and, therefore, a white light, Petzl MYO ''XP'' E83P headlamp (Petzl Australia, Artarmon, New South Wales, Australia) was used to observe all visible behaviors. Although this method is biased toward behaviors that are most conspicuous (Martin and Bateson 1986) and that, in our case, depended strongly on the vegetation and location of the animal, it was the only practical method given the difficulty in locating and observing C. concinnus.
Because the transmitters' signals had a limited range (50-250 m depending on the landscape), we generally followed animals closely (,50 m) and were able to observe behaviors including grooming, feeding, and social interactions (,10 m). It is impossible to ascertain what our impact on the animals' behaviors may have been because we could not determine their location and activities unless we were relatively close; however, traveling western pygmy-possums often passed us when we had inadvertently overshot their location while following them, suggesting that their movements were not simply a result of flight from observers. The animals we tracked seemed generally unperturbed by our presence, and sometimes fed on inflorescences or sap and nested within distances , 1 m of the observers (Morrant and Petit 2011) .
Each night's tracking ceased after an animal entered a nest and the sun had risen; the nest site was then located and described (Morrant and Petit 2011) . Nest sites were checked occasionally during the day to ensure that the animals had not moved, and observers returned to the nest site the following evening before sunset to recommence tracking. Data were uploaded into the ArcMap 9.3 (ESRI Inc., Redlands, California) geographic information system for analysis.
Movements of C. concinnus.-The path followed by each animal as determined by global positioning system waypoints was plotted on a map. The short life of the transmitter's battery (1-3 weeks), combined with its limited range, meant that home ranges of animals could not be examined. Rather, coordinates were presented using the minimum convex polygon method (Mohr 1947) to determine an area of use (sensu Bradshaw and Bradshaw 2002) for each individual during each study period. We estimated the distance traveled by each C. concinnus by measuring the total distance between all waypoints recorded each night, and we also measured the straight-line distance traveled between nest sites. These daily movement distances were compared using a paired t-test. We investigated by linear regression the relationship between overall availability of flowers of E. rugosa in a particular month and the mean distance traveled per night by the animal(s) in that month's tracking; the overall availability of resources was the mean index of resource value (I) of food trees on phenology transects (Morrant et al. [2010] presented phenology and resource value data for 10 3 50-m transects at INP). The animal tracked in October 2006 was not included in this calculation because flowering phenology data were not available in this month, and the animals tracked in May were not included because they were tracked for ,1 entire night. We also examined by linear regression the effect of animal mass on distance traveled, and the relationship between the index of resource values of specific trees used by the animals and the length of time they spent in those trees. The difference in time spent by C. concinnus among the most regularly used food tree species was examined by analysis of variance (Friedman T). Means are given with SE. All statistical analyses were conducted using the statistical package SPSS for Windows version 17.0 (SPSS Inc., Chicago, Illinois) with a ¼ 0.05.
Visible activities were noted and timed using an ad libitum sampling regime (Martin and Bateson 1986) . Activities were classified as moving, in tree with flowers, in tree without flowers, or other. Social activities also were recorded, but because of the very small amount of time involved, were not placed in the time budgets. Nest-use information is presented elsewhere (Morrant and Petit 2011) .
Availability of floral resources.-All plants used by C. concinnus were marked with flagging tape, individually numbered, and their locations recorded with a global positioning system unit. Visits to trees were confirmed either by observation of an animal, or by pinpointing the signal in a tree. For all flowering plants used by C. concinnus, we recorded their height, number of trunks, reproductive state, and ratio of open flowers to buds. Flowering class and index of flower resource value (or availability- Morrant et al. 2010) were then determined for each flowering tree visited. This index was intended to provide an indication of the amount of nectar and pollen available to an animal in a particular tree.
RESULTS
Capture, activity, and radiotracking of C. concinnus.-In total, 47 western pygmy-possums were captured during this study (see Morrant et al. 2010) , although not all were tracked. Four individuals were recaptured: 1 more individual that was recaptured had 1st been captured by A. Pestell and S. Petit (University of South Australia, pers. comm.), and 9 more recaptures were recorded during their previous work at INP between 2004 and 2007. The greatest time duration between captures was for a male caught 506 days later, and 3,056 m from its initial capture location. The greatest distance moved between captures was 3,604 m for a female (86 days). Three other western pygmy-possums traveled large distances between captures (2,997 m, 53 days; 907 m, 35 days; and 534 m, 389 days). Two animals were recaptured at the same site (241 and 383 days later), and 1 within 10 m (56 days later). The remaining 5 animals, recaptured within 30 days, had moved ,50 m from their initial capture locations.
The mean mass of C. concinnus in this study was 8.8 6 0.29 g. Males averaged 8.5 6 0.30 g (n ¼ 32) and females without pouch young 9.3 6 0.59 g (n ¼ 18). The mean mass of the 14 tracked animals (9.3 6 0.60 g) was greater than that of all captured ones, and the female in October 2006 weighed 16.1 g, 3.9 g more than the 2nd heaviest animal, and considerably more than the others.
Radiotracking data were obtained for 15 western pygmypossums over 16 tracking events (9 males and 5 females-1 female was tracked twice) during the 12-month radiotracking period. Tracked animals were chosen from 52 captured animals (47 individuals [see Morrant et al. 2010] ), alternating between sexes each month. Animals were tracked for an average of 5.81 days (range ¼ 2.32-377.12 h) each, and 750 visual observations of behavior were made, not including repeat sightings (i.e., only the 1st observation of a tracked animal in a tree was included; a new visit to a tree was recorded if an animal left the tree and then returned).
The percentage of time each animal spent on activities was highly variable. All western pygmy-possums tracked between October 2006 and May 2007, and in November 2007, spent time in trees with flowers. The male tracked in June spent less than 1% of his time in trees with flowers and the animals in July and August spent none; the results of a concurrent study (Morrant et al. 2010) showed very little flowering at this time. Radiotracked animals were observed in close proximity to other western pygmy-possums (not tracked animals) in all months from October to March inclusive; in March we saw 4 animals (including the 1 being tracked) feeding on nectar in the same E. rugosa, which was the only flowering tree of this species observed during that month's tracking. A male and a female fought with another C. concinnus in November and December, respectively, and a male mounted another C. concinnus in November. This coupling lasted for approximately 2 min before the animals parted and dispersed. No C. concinnus other than the ones being tracked was seen in any other month.
Food preference and food switching.-Observation of nectar and pollen feeding behaviors (n ¼ 150) showed that C. concinnus spent a large proportion of its time in E. rugosa. The duration of total visits to all plant species was calculated for each animal in months when nectar of E. rugosa was available. We found a significant difference in duration of visits of C. concinnus among the 4 most regularly visited species: E. diversifolia, Eucalyptus gracilis, E. rugosa, and Melaleuca lanceolata (T 3 ¼ 11.1, P ¼ 0.011; Table 1 ). Nectar and pollen of E. rugosa were used whenever flowering trees were available, and visits to this species accounted for 100% of direct sightings of flower visits from October to January (Fig.  2) , which was the peak flowering season for E. rugosa (Morrant et al. 2010) . Animals visited flowers at a rate of .1 flower/s while feeding, so visitation rates could not be determined.
Other plant species visited for nectar and pollen included Eucalyptus oleosa, E. gracilis, M. lanceolata, and A. patula. One of the 2 animals tracked in February fed on flowers of E. rugosa and M. lanceolata; the other ate nectar of E. rugosa and E. oleosa. The male tracked in March fed on flowers of E. oleosa and E. rugosa, which represented the few flowering eucalypts encountered during radiotracking in that month. Observations of nectar and pollen feeding after March were scant, and this type of feeding appeared opportunistic; nectars and pollens consumed were from E. rugosa and M. lanceolata.
Throughout the radiotracking study, western pygmy-possums were observed gnawing on the bark of Eucalyptus spp., and licking what we assumed was the exudate that flowed from these incisions (referred to as sap feeding, although it also could have been manna). Sap feeding was observed during the flowering season of E. rugosa; however, it was infrequent at this time. As availability of flowers of E. rugosa decreased, sap feeding increased in frequency and became the predominant feeding behavior when flowers of E. rugosa were not available (Fig. 3) . Species used for sap included E. rugosa, E. oleosa, and E. diversifolia. The only other feeding behavior observed when nectar of E. rugosa was unavailable was in November 2007, when a male fed on flowers of Acrotriche cordata (entire corollas were consumed, thus exposing the stigma), nectar of E. oleosa, and lerp (small, sap-sucking psyllid insects; Fig. 3 ). An animal was observed lunging at insects on 3 occasions, at times when flying termites were numerous (18 November 2006 (18 November , 2028 (18 November -2207 ; the highest maximum temperature for the month was on this date (33.38C). These observations, plus the lerp feeding in November 2007, were the only behavioral observations of C. concinnus consuming invertebrates.
Travel and habitat use.-The distances traveled and areas of use varied greatly among radiotracked western pygmypossums. Two animals traveled distances in excess of 4,000 m in a single night; travel included tree exploration. One male traveled 2,740 m in 4 h 44 min, at which point we lost him (0251 h); he was found nesting the next day 4,773 m away from the start point. Sunrise at that time of year was at approximately 0530 h so it is likely that he covered this distance within the 2.5 h before sunrise. Another male in March traveled 7,771 m in 2 nights (Table 2 ). One female 
FIG. 3.-Monthly feeding observations of Cercartetus concinnus at
Innes National Park, expressed as a percentage of the total number of feeding observations (only the 1st observation of a possum feeding in a tree was counted). Numbers above bars show number of observations. moved 1,206 m in 1 h 38 min before we lost her. Interestingly, animals seemed to be able to travel on straight bearings when moving between patches. Once these bearings were determined, we were able to find 2 of 3 lost animals by continuing along their bearings. The mean range of all western pygmy-possums, calculated using the minimum convex polygon method, was 66 ha (6 37.1 ha) when flowers of E. rugosa were available, and 9 ha (6 5.8 ha) when they were not. For animals tracked at least 5 nights, the range was 0.4-300.5 ha. The mean linear distance traveled by radiotracked animals was 969 m (6 281.4 m) per day in months when E. rugosa was flowering (October-March), and 297 m (6 74.9 m) when it was not (April-August). One animal was in torpor for 2 periods of approximately 6 days in June and 2 others (July and November 2007) did not forage every night (Table 2 ; see also Morrant and Petit 2011) .
Distances between radiolocations at various sampling intervals have been used to describe daily movements and home ranges of mammals (Harris et al. 1990; Marchesan and Carthew 2008; Pires et al. 2010 ). However, if intervals between fixes are large they may miss many of the small-scale processes and patterns of biologically relevant activity that occur between fixes, especially if the animal's path is tortuous Pépin et al. 2004 ). Straight-line distances, measured between nest sites on consecutive days, considerably underestimated the total distances actually traveled by C. concinnus, based on radiotracking (t paired,14 ¼ À3.88, P ¼ 0.004; Table 2 ).
We found no relationship between mass and mean daily distance traveled (R 2 12 ¼ 0.081, P ¼ 0.346), which suggests that the distance C. concinnus travels in search of resources is not influenced by body size. However, the distance traveled by individual animals was highly variable, and there was no clear relationship between mean daily distance and mean flowering load of E. rugosa (R 2 12 ¼ 0.001, P ¼ 0.939). Similarly, we found no relationship between the time an animal spent in an E. rugosa and the index of flower resource value (R 2 , 0.198, P . 0.072), except for a single female (F8: R 2 ¼ 0.316, n ¼ 66 paired observations, P , 0.001), which used a relatively small area.
Although radiotracked western pygmy-possums used a range of habitat types, they primarily used both closed and open woodland between October and February. After February, animals generally spent most of their time (.88%) in open woodland. No animal was captured in closed woodland (4 pitfall traplines were located in this habitat type) during the months when flowers of E. rugosa were unavailable (April-November 2007). Tracked animals often spent more time in trees with no flowers than in trees with flowers, even when flowers were readily available (e.g., October, January, and February; Table 3 ). Although most animals spent time in Templetonia retusa and Callitris canescens, we did not observe any activity other than grooming in these trees. Foraging activity was divided evenly among moving, visiting trees with flowers, and visiting non-food trees during months when E. rugosa was flowering (Table 3) . When E. rugosa was not flowering, western pygmypossums spent at least as great a percentage of time traveling between trees; however, the majority of their remaining time was spent in trees with no flowers. 
DISCUSSION
Our results indicate that the movements of C. concinnus at INP varied seasonally and among individuals, and suggest that these animals may employ several strategies to maintain their energetic balance at times of the year when floral nectar is unavailable. The intensity of work and technological limitations did not allow us to follow more than 1 animal for most months, and forced us to follow the animals closely lest we lost their signal. Although we recognize that our presence might have influenced the behavior of radiotracked animals, we were able to collect valuable information on foraging behavior and patterns of movement and habitat use of C. concinnus during the limiting season, which could not have been achieved using conventional methods of radiotracking or diet analysis, or both.
Cercartetus concinnus at INP fed almost exclusively on the nectar and pollen of myrtaceous species whenever they were available, particularly E. rugosa, as predicted by Morrant et al. (2010) . C. concinnus spent more time in E. rugosa than in other flowering trees. Between October 2006 and January 2007, we observed C. concinnus feeding on nectar and pollen in E. rugosa exclusively. Interestingly, animals also fed on the nectar of E. rugosa among other species during April and May, when flowering individuals of this species were rare. C. nanus also is strongly associated with the abundance of flowers on which it feeds (Tulloch and Dickman 2006) . The percentage of time that C. concinnus spent foraging when E. rugosa was flowering was 51-85%, similar to that of exudivorous gliders of much larger size (Jackson and Johnson 2002) , but decreased to 25-56% at times when no flowers of E. rugosa were present. All observations of social behavior coincided with the flowering season of E. rugosa, indicating that availability and distribution of the preferred food source of western pygmypossums may influence their social interactions. Radiotracked animals that remained in a relatively small area often returned to the same trees, normally following the same general route. Nectar replenishment has been demonstrated in some plant species (Castellanos et al. 2002) and it is possible that C. concinnus, after depleting the nectar resource in a tree and abandoning it, returned to feed on nectar in the same tree once it had been replenished.
Feeding observations were not recorded in Melaleuca halmaturorum, but Morrant et al. (2010) and Pestell and Petit (2007b) observed that scat and pelage samples from animals captured during October contained its pollen. During October 2006, western pygmy-possums were observed moving through the heavily flowering M. halmaturorum, which forms unbroken canopies spanning patches of forest. These animals would undoubtedly collect pollen of M. halmaturorum on their fur, and subsequently ingest it during grooming. Although this pollen may be digested, M. halmaturorum is probably of relatively little dietary importance to C. concinnus, as shown by Morrant et al. (2010) . Like C. canescens and T. retusa, these trees are perhaps used for grooming because their dense foliage provides better concealment from predators than do other trees. Mahogany gliders (Petaurus gracilis) often return to their den to groom during the night (Jackson and Johnson 2002) , but C. concinnus may use leafy trees to perform this activity.
Food resources identified by analysis of scat samples or pelage swabs by Morrant et al. (2010) were very similar to those identified in feeding observations of the present study, when floral nectar was available. Scat and pelage swab analysis is an effective way of determining some aspects of diet. However, when floral nectar and pollen decreased in availability, C. concinnus switched to a diet consisting mainly of sap, which is an abundant and reliable food resource (Smith 1982) . Similar feeding behavior has been reported for other possums and gliders (Goldingay 1990; Sharpe and Goldingay 1998) . This reliance on sap by C. concinnus highlights the importance of multiple methods of diet observation, because sap is not likely to be detected in scats or pelage swabs (1 scat of 30 in Morrant et al. [2010] did not contain pollen). Dietary nitrogen, plentiful for small marsupials feeding on pollen (Bradshaw and Bradshaw 2012) , may be limited when flowers are unavailable, and it would be interesting to determine how nutritional balance is affected by sap consumption. Sap tends to be free of toxins and feeding deterrents (Douglas 2006) , but how C. concinnus compensates for the general deficiency of essential amino acids in sap (Douglas 2006) remains to be determined. Considering the fact that E. rugosa, the preferred food of C. concinnus at INP, does not flower every year (Rubbo 2008) , sap seems to be a vital food resource for populations of C. concinnus. Sap was consumed in winter, but also in November 2007, when E. rugosa did not flower, as were lerp secretions. Western pygmy-possums were observed lunging at insects on 3 occasions, but the only observation of insectivory was lerp predation in October 2007. The apparent infrequency of insectivory partially contradicts previous literature (Smith 1983; Wakefield 1963) ; however, it is likely that insect availability is affected by rainfall (e.g., DawesGromadzki 2002; S. Petit, pers. obs.) , and the year in which we conducted this study was particularly dry. Working in a wet year, Pestell and Petit (2007a) noted greater occurrence of moth scales in scats than did Morrant et al. (2010) . We have demonstrated that C. concinnus is capable of traveling long distances in search of resources, and temporary use areas varied a thousand-fold. The large distances between capture locations of 5 of the 13 recaptured animals supports our radiotracking observations that C. concinnus is capable of long-distance travel. What dictates these moves is likely to be related to the type and availability of resources, at least in part. For example, honey possums (T. rostratus) tended to remain sedentary in homogeneous heathlands (Garavanta et al. 2000) . In contrast, resource availability at INP is patchy, and it may be beneficial for C. concinnus to move to new patches more often at high levels of floral abundance, as suggested by Goldingay (1990) for yellow-bellied gliders (Petaurus australis), and to remain in one place if flowers are available in times of low abundance. P. gracilis also traveled longer distances when nectar and pollen availability was comparably high, possibly because territorial defense was not energetically limited (Jackson 2000) . Such travel also may be driven by an animal's need to explore new areas for food resources, engage in social interactions, or disperse from its birthplace. Long-range movements may enable these small mammals to take advantage of ephemeral and permanent refugia, enabling their persistence in unpredictable landscapes (Dickman et al. 1995) . Abundant nectar would support a search for new resources using a sample-and-shift traplining strategy, because the energy provided by nectar would enable C. concinnus to move from lower quality patches to patches with greater resources. When nectar is unavailable it seems that complete traplining is a better strategy, perhaps because it is safer to stay with a known resource (Ohashi and Thomson 2005; Possingham 1989 ); sap may not provide enough energy to fuel long-distance travel in search of better resources. When floral nectar resources are less abundant, the cost of travel may exceed its benefit and animals may remain in one area and use known resources (Ohashi and Thomson 2005) . Indeed, C. concinnus tended to use smaller areas and did not travel as far in search of resources when nectar was unavailable than when it was available, but too few observations were available for statistical analyses. Longdistance travel was occasionally undertaken when nectar was rare. For example, a male in March traveled for 7.8 km before feeding on the nectar of a clump of 5 E. oleosa, at a time when only 1 flowering E. rugosa was encountered during tracking, which this animal (and 3 other C. concinnus) had fed on for 67 min; the 5 E. oleosa were the only other flowering eucalypts seen. It is possible that long-distance travel is necessary when nectar resources are becoming scarce to find a patch containing enough resources to support animals in lean times. The ability of C. concinnus to travel in straight lines, possibly using stars (e.g., Mauck et al. 2008) , allows it to sample vegetation efficiently.
Our tracking approach was most useful for determining linear and long-distance movements, but was less effective at estimating home-range area. However, the extent of these movements imply that the home range (sensu Burt 1943) of C. concinnus at INP is likely to be several hundred hectares, much larger than estimates for other species such as T. rostratus (~1 ha- Bradshaw et al. 2007 ), C. nanus (,1 ha- Bladon et al. 2002; Harris et al. 2007 ), or different species of gliders (0.5-85 ha- Jackson and Johnson 2002) . Using allometric equations, we would expect the home range of an 8.8-g C. concinnus to be between 0.18 ha (McNab 1963) and 0.44 ha (Harestad and Bunnell 1979) , although nectarivorous marsupials were not considered in their studies. The equation of Goldingay and Kavanagh (1993) for exudivores (but not including C. concinnus) gives an estimate for this species of 0.13 ha. Clearly, the ''hunting'' mode of feeding (McNab 1963 ) used by C. concinnus, combined with the unreliability of its resources, necessitates a much larger home range than that predicted by its body mass, as is the case for P. australis (Goldingay and Kavanagh 1993) . We believe that continuous tracking gives estimates of distance traveled that are superior to measurements between known nest sites, although the 3rd dimension of tree climbing was neglected. The ability of C. concinnus to travel large distances in search of resources, or to avoid disturbance, may be the key to its persistence in fragmented landscapes.
The remarkable resilience of C. concinnus in an environment featuring great variability of resources is due to a range of characteristics and strategies: small size and use of a diversity of nest types, and the ability to switch food types, travel long distances, make use of the diversity of the landscape and patchiness of the resources, and use torpor for extended or short durations (see Turner et al. [2012] for a discussion of torpor plasticity in this species). C. concinnus at INP appears to require a structurally and floristically diverse habitat to provide nests and alternative resources at times when its primary food sources are unavailable. Our results have important implications in the management of the landscape, for example, by fire, which is currently one of the most significant issues in landscape management at INP and in Australia. For instance, no animal was captured in closed woodland of E. rugosa when the flowers of this tree were unavailable, and radiotracked animals spent little time in this habitat type after February 2007, when the availability of flowers of E. rugosa was decreasing. C. concinnus at INP may disperse away from this habitat type when floral nectar is scarce in search of food resources in other habitats. Patch burning, recommended for the park, needs to take into account these movements as well as the continuity of nectar resources during spring and summer. Another important implication of our findings is that by traveling long distances and moving quickly, C. concinnus may act as a particularly valuable pollinator, considering that pollinator quality is associated with travel distance, and the progeny of closely related eucalypts may be less vigorous than that of distant individuals (Hardner et al. 1998; Southerton et al. 2004) . C. concinnus fed on many more trees per night than the median of 3 found for greater gliders (Petauroides volans- Kavanagh and Wheeler 2004) . The contribution of C. concinnus to the genetic fitness of trees and Acrotriche spp. should be examined.
Last, we expect that our results could have been very different had our research been performed a year later, when E. rugosa did not flower (S. Petit, pers. obs.). The large interannual variation in availability of nectar and pollen requires that relationships between small nectarivorous mammals and their preferred food plants should optimally be investigated over multiple years. Future research also should focus on the energetic implications of behavioral choices of C. concinnus, its preference for and ability to digest different sugars, the nectar production of its main food resources, and the chemical composition of the sap and exudates on which it feeds. This information will provide vital tools that will permit the determination of geographic and biological parameters necessary for the conservation of C. concinnus and ecologically similar mammals.
